Environmental Factors On The Arctic Food Chain by Hansen, Sydney
University of Nebraska - Lincoln 
DigitalCommons@University of Nebraska - Lincoln 
Environmental Studies Undergraduate Student 
Theses Environmental Studies Program 
2020 
Environmental Factors On The Arctic Food Chain 
Sydney Hansen 
Follow this and additional works at: https://digitalcommons.unl.edu/envstudtheses 
 Part of the Environmental Education Commons, Natural Resources and Conservation Commons, and 
the Sustainability Commons 
This Article is brought to you for free and open access by the Environmental Studies Program at 
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in Environmental Studies 
Undergraduate Student Theses by an authorized administrator of DigitalCommons@University of Nebraska - 
Lincoln. 
Running Head: ENVIRONMENTAL FACTORS ON THE ARCTIC FOOD CHAIN 1 
 
ENVIRONMENTAL FACTORS ON THE ARCTIC FOOD CHAIN 
 
 
 
 
An Undergraduate Thesis Proposal 
By Sydney Hansen 
 
Presented to  
The Environmental Studies Program at the University of Nebraska-Lincoln 
In Partial Fulfillment of Requirements 
For the Degree of Bachelor of Science/Arts 
 
 
Major: Environmental Studies 
Emphasis Area:    
Thesis Advisor: Name:     Mark Pegg   
Thesis Reader: Name:  Elliot Wickham _  
Lincoln, Nebraska 
Date: May 4th, 2020 
ENVIRONMENTAL FACTORS ON THE ARCTIC FOOD CHAIN 2 
 
ENVIRONMENTAL FACTORS ON THE ARCTIC FOOD CHAIN 
 
 
Sydney Hansen, B.S.  
 
University of Nebraska, 2020 
 
 
 
Advisor:  Dr. Mark Pegg 
 
 
 
ABSTRACT 
 As the Arctic is encountering many environmental changes, a multi-species meta-analysis 
was conducted from peer-reviewed scientific data gathered from the University of Nebraska-
Lincoln (UNL) library’s bibliographic databases to determine 1) the main polar warming impacts 
on species of the Arctic food web such as polar bears, ringed seals, Arctic cod, copepods, and 
primary producers, 2) determine climatic impacts by looking at population sizes and migratory 
patterns over several years, and 3) discover impacts of a top-down cascade and look into 
conservation efforts. In the Arctic, species within its’ ecosystem are experiencing more dramatic 
impacts from climatic warming because of the albedo positive feedback loop the cryosphere 
regions are experiencing. The purpose of this analysis was to help understand the impact that 
climate change can have on the different parts of the Arctic ecosystem and to further understand 
how all the species work in an ecosystem, potentially leading to different conservation efforts 
better suited for species survival. The data was narrowed down to research founded in Hudson 
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Bay, Canada, where the subpopulation of polar bears was declining in abundance. Ringed seals, 
polar cod, benthic organisms, and algae were all experiencing negative effects of climatic change 
separately, nothing linking their populations to one another. Overall, the research indicates that 
bottom-up and top-down trophic cascades can be assumed but each species down or up the food 
chain is being negatively impacted by their own global warming challenge. It is important to 
maintain a balance in the Arctic food web to maintain a healthy ecosystem, planning for the 
future and making efforts to advocate biodiversity will be the best custom in polar maintenance 
and increasing species survival. 
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INTRODUCTION 
Climate change is affecting all forms of life, from the most dangerous predators on land 
to the tiny plankton that reside in the sea. The Earth is warming at a rate that ecosystems cannot 
adapt fast enough to. In the Arctic, where there should be an abundance of snow, ice, and other 
components of the cryosphere, with climatic warming, the rising temperatures are melting the 
polar regions of the Earth. The cryosphere is the frozen water area of the Earth system and the 
polar regions of Antarctica and the Arctic, or North Pole, are the coldest regions of the Earth, 
meaning their surrounding ecosystems and wildlife depend on resources to be ample in 
components of the frozen tundra. The sea-ice melting creates a positive feedback of issues, 
especially in the Northern hemisphere where polar bears call home. Polar bears, as the apex 
predator of the Arctic, prey on ringed seals, bearded seals, harp seals, hooded seals and, as 
opportunistic predators, scavenge on carcasses of fatty mammals, such as, whales and walruses. 
When hunting their main prey, seals, sea-ice is their platform where they stalk their prey from 
above. In the Fall, seals open breathing holes on the ice (Polar Bear International) that are used 
when surfacing every 5-15 minutes to breathe. The bears then spy on the seals from above and 
grab unsuspecting prey as they break surface which can be a long process when seals also use 
trapped air pockets under the ice to breathe. With this dependence on sea-ice, one can see how 
the melting of frozen components would drastically impair the polar bears ability to hunt 
efficiently.  
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The melting occurs because of climatic warming, which is when ambient temperatures 
rise. In the Arctic there is more snow and ice which has a higher albedo than other forms of land 
cover, like grass. The higher the albedo, the more the sun is reflected off. If the snow cover melts 
this leads to less sun being reflected which, translates into a positive feedback loop, causing 
more snow and ice to melt (and at an increasing rate). With both species of polar bear and ringed 
seal interconnected, and the predator of the North be dependent on its habitat and prey, the 
question at hand is how climate change will impact the two life forms. More specifically, how 
environmental factors of global warming will and is affecting aspects of the Arctic food chain. 
If the sea-ice melts from rising 
temperatures, this means polar 
bears will have to find a new 
procedure to hunt. To adapt to 
global warming, they will need 
to target other prey, walk longer 
distances and, expend more calories 
and exert more energy if they 
continue to hunt seals. Without ice, the hunt for seals is futile, for the extra exertion of energy 
will surpass their caloric intake making them susceptible to starvation (Gormezano, 2015). As 
polar bears continue toward extinction, as the apex predator of the Arctic, this will impact the 
entire food web. Sea-ice in all regions is reducing in size and they depend on the ice in order to 
hunt for their current main prey but if they are not able to hunt for ringed seals, being 
opportunistic predators, they will have to turn to other nutrition sources such as avian species on 
land. 
Image 1. The World Wildlife Fund (WWF) UK posted side by 
side NASA satellite images of the snow and ice accumulation 
of the Arctic of two different years, 10 years apart. 
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Without the presence of the Arctic’s top predator there will be a major impact on the rest 
of the food web because a major role of predators is to control a prey species population growth 
to help with the maintenance of a healthy ecosystem (Heithmus et al., 2008). As seen in previous 
studies, the ringed seal populations increase when the polar bear population decreases since there 
are fewer predators to control the population growth of their top prey. This will continue to have 
a top-down effect on other species in the food web. Species interactions change in a multitude of 
ways, but one is the relationship between top predators or primary producers and the rest of the 
food web. These can be classified as top-down and bottom-up trophic cascades. Bottom-up 
cascades refer to the relationship base producers, such as algae, have on the rest of the food 
chain. Producers are very sensitive to anthropogenic effects, like climate change, and if there 
were to be a decrease in Arctic algae then the producer becomes a scarce source to all the species 
of fish, increasing competition and mortality. This then becomes a positive feedback loop going 
up the food chain, all species’ populations would ultimately decrease due to lack of primary 
producers. In the top-down cascade it starts with main predators and trickles down the food 
chain. Since top predators are the most exploited species, this situation is likely with climate 
Image 2. This image shows the Arctic sea 
ice extent of the Canadian border (by 
millions of square kilometers) over several 
months. As shown by the different lines on 
the graph, the amount of sea ice has 
decreased over time, especially in summer 
months. 
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change now in pursuit (Heupal et. Al., 2014). If the main predator population decreases or 
increases, then the growth of their prey will not be controlled, and a cascade will follow down 
the food chain. For instance, in Yellowstone when the wolves became extinct to the park this 
caused the elk population to increase drastically. The elk feed on aspen and willow trees so, with 
the increased elk population, too many trees were being consumed, turning the park into a 
wasteland and devastating the ecosystem. Once the wolves were reintroduced into the park, the 
landscape started to prosper again. Due to climatic warming, similar effects will take place in the 
Northern and Southern poles. 
The Arctic is vast, and several countries will be affected by these ecosystem changes 
including Canada, Alaska, Russia, Norway, Iceland, etc. Conservation efforts are going to need 
to be redeveloped and put into place to save the polar region’s wildlife from extinction. 
Examining different efforts that can be set in motion to combat the dramatic threats the Northern 
Hemisphere is facing currently can also be used as a tool to combat these problems as more 
drastic changes start to arise in Antarctica. Antarctica does not have predators like the polar bear, 
but the continent has a delicate ecosystem that has a shrinking ice sheet, sea-ice melting and 
ocean temperatures rising. Research done in the Arctic can help predict the future of Antarctica 
as well. Current research on polar bear studies has concluded their outlook is undetermined but 
the future persistence of the species is tenuous due to the extent of sea-ice decreases in multiyear 
ice, ice break-up, denning effects, availability of prey, species movement, demographic human 
interactions, and trophic dynamics (Andrew E. Derocher, 2004). As the species head towards 
extinction it has shown an alternate effect on their main prey, the ringed seal. In water basins, 
survival rates of seals were high and population sizes are potentially increasing, if anything 
(Koivuniemi, 2019). Ringed seals are not going extinct because they can still hunt and survive 
ENVIRONMENTAL FACTORS ON THE ARCTIC FOOD CHAIN 8 
 
using air pockets trapped under the ice when needing air beneath the surface (Hamilton, 2017). 
This multispecies cascade indicates that species in the Antarctic food chain may also be impacted 
by polar warming. Crabs, a species unknown to the Antarctic oceans because they are unable to 
survive the cold temperatures, may migrate towards the water as the sea temperature increases. 
As mentioned, the Antarctic ecosystem is delicate and has been relatively untouched for millions 
of years therefore species below the water have not evolved to have defensive exteriors, making 
them defenseless against the strong claws of a crab (Scientific American). Figuring out solutions 
to decrease polar warming impacts is crucial to maintain Antarctica’s ecosystem. 
If polar bears are facing higher mortality rates and seal populations are prospering, what 
can be done to help the polar bear population survive? Or more on theme, when polar bears can’t 
hunt for seals due to sea-ice decline, how will the food web be impacted? Focusing on the 
climatic change aspect rather than the connection between two species, there has been research 
done in Svalbard, Norway. Svalbard has seen the most drastic changes thus far of the polar 
regions. As the northernmost town, warming waters have melted icebergs, sea-ice and other 
frozen elements at a rapid rate. The research accomplished in Norway found that bears do alter 
their association with glacier fronts during the summer and autumn and that polar bears and 
ringed seals have different responses to the changing conditions. Tracking the bears with satellite 
loggers, researchers examined multiple environmental variables. Polar bears must look elsewhere 
when it is warmer and the extent of sea-ice is reduced (Hamilton, 2017). According to the data, 
the bears were confirmed to go after smaller land mammals in pursuit of prey, such as, avian 
species. Another study looked into the caloric intake of adult male polar bears, inquiring whether 
a polar bear can survive off a diet consisting of land mammals other than seals, under the 
assumption the bears will adapt to the changing climate. They found that the net-energy from all 
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land-based food sources could eliminate any projected nutritional deficits of the bears, meaning, 
they have a good chance to survive if they maximize the opportunity to prey on these smaller 
land sources of nutrition (Gormezano, 2015). 
 Assumptions researchers are making when developing conservation efforts are that it is 
too late to mitigate and polar bears will learn to adapt. Most research from polar scientists depict 
that it is too late to turn back the clock and the polar regions are far removed from saving. Even 
though polar bears are opportunistic predators, hunters that can also scavenge for food when 
needed, researchers assume that the polar bears will just adapt as rapidly as their ecosystem’s 
climate is changing. As smart as bears are, this is currently not happening as rates of polar bear 
starvation and mortality is spiking. Currently, there is an abundance of information on climatic 
warming impacts on certain species but there is limited research on the Arctic’s food chain and 
how it may be impacted with the change in top predator population size. Going to the Arctic 
myself to track the different mammals of focus will not be an option so any research done will 
come from previous studies by researchers of different fields with varied topics. Research done 
will be a meta-analysis of studies pertaining to the different polar species, the polar climate and 
regions as well as other relevant information regarding global warming and its impacts on the 
polar regions. 
This research paper will explore the following questions: what impacts of polar warming 
affect Arctic species? Does the presence of the top predator, the polar bear, create a trophic 
cascade within the Arctic food web? What conservation efforts are effective and what can be 
done to minimize polar warming? The research compiled will be mostly qualitative, looking at 
how different aspects interact through observation of the species and changing climate. 
Quantitative data, charts and other figures will be used to compare these different areas of focus 
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including the comparison of seals and polar bears showing the seal population (and other 
mammal populations that are not predators) alongside the polar bear populations. All data and 
research will come from research articles found online and at the University of Nebraska-Lincoln 
library with additional resources from educational websites. 
 
METHODS 
 To conduct research, a descriptive approach will be taken. Descriptive methods do not 
always start with a hypothesis but can be formed with information collected. One goal of the 
descriptive method is to eliminate the manipulation of variables. When the object of the 
experimentation is to observe and record descriptions, the descriptive method is helpful because 
interference or manipulation to the variables in the study is unwanted. Detailed observations and 
a person’s descriptions on a study, reviewing literature and compiling all data in a meta-analysis 
(observations and descriptions) will form the hypothesis and answer research questions. 
 A literature review will serve as the main source of gathering information. When 
researching a specific subject, a literature review is writing a summary of the source. “A 
summary is a recap of the important information of the source, but a synthesis is a re-
organization, or a reshuffling, of that information” (University of North Carolina). Reviews of 
different forms of literature will be included such as research journals, research papers, scientific 
articles, and other credible peer-reviewed sources. The use of scientific articles and researched 
work will be to ensure quantitative data that will be used in the conclusion. The point of having 
the information peer-reviewed will be to ensure that there are fewer biases and that information 
is credible, and all conclusions drawn from the sources are validated. 
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 Using the bibliographic database through the University of Nebraska-Lincoln, Academic 
Search Premier, the literature was searched from October to November of 2019. This helped 
narrow searches involving key words relevant to the Arctic’s food chain and climate change. 
Several searches were conducted using key terms/words to focus the search. Key words used 
were; polar, bear, polar bear, ringed seals, climate, climatic change, arctic, food chain, food web 
(and other like terms). The key terms were combined dependent on what type of data or 
information was sought after. With the articles found, relevant articles were examined, and 
important information was summarized separately. 
 A meta-analysis is a statistical tool that can be used to estimate the mean and variance of 
underlying effects from a collection of empirical studies addressing the same research question 
(Field & Gillett, 2010). The purpose of the meta-analysis will be to form a conclusion based off 
all the examined information taken from the literature review. For the purpose of this analysis the 
relevant information, Arctic food chain and polar warming data, from the sources gathered from 
the searches will be discussed. Information included will be, and not limited to, the several 
effects of climatic change on species and their surrounding environments and ecosystem, key 
species involved in the Arctic food chain, trophic cascades (exploring other environments that 
faced similar problems), multiple species interactions, key species population sizes, migration 
patterns of key species, and other information pertaining to the Arctic ecosystem. 
  
RESULTS 
 The data investigated first was where polar bear populations were declining and if they 
were due to environmental factors. It was found in a field survey that subpopulations between 
Russia and Alaska, despite the decline of arctic sea-ice, remained stable. The below graphic 
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depicts that the population size stayed in the higher category of around 2,500-3,000 bears. 
Researchers from the World Wildlife Foundation (WWF) suggest that the reason the populations 
are stable is from an increase in seal populations and access to carcasses. In other areas where 
populations are declining and population size is significantly smaller in comparison to the 
Barents Sea and Chukchi Sea, scientists recorded a drop in numbers by about 17-18%. 
 
 
Figure 1. The map shows the different population sizes of polar bears according to their subpopulations. The 
different colors represent the different population trendlines as indicated in the key to the left side. 
 Research from the IUCN’s most recent re-assessment of polar bears, conducted in 2015, 
shows that from analyzing the sub-population data (see Figure 1) along with the most current sea 
ice data (see Image 2) that the climate changes happening to Earth are what is influencing polar 
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bear survival the most (IUCN Red List, 2019). The data conducted predicts that in the next 35-40 
years population sizes could drastically drop by over 30%. The next meeting of polar bear 
specialists will be in Copenhagen June 2020. 
 Following is a figure (see Figure 2) the International Panel on Climate Change (IPCC) 
made and used in the latest “Special Report on the Ocean and Cryosphere in a Changing 
Climate” (Meredith, 2019) illustrating the key components effecting the Arctic ecosystem. Polar 
bears were put in the “Regional sea ice declines and loss of multi-year ice” category showing 
that the sea-ice will have a medium negative impact. As seals are grouped with “ice-associated 
marine mammals” they are also in a medium negative impact from sea-ice decline and ice loss. 
Following the food chain down, arctic fish are facing mixed effects from ocean warming and ice 
algae bloom is facing a medium mixed effect from sea ice decline. 
 
Figure 2. A figure taken from the special report on the Ocean and Cryosphere in a Changing Climate 
illustrating key drivers impacting the Arctic’s ecosystem. The coloring represent the effect it will have on the 
ecosystem part and the dots represent the confidence interval. 
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As the arctic is vast, I chose to look into research taken from a declining population trend 
to see how that affected the food web. Since Hudson Bay, Canada, has a research center in 
Churchill (where Polar Bear International is based from), I chose the Southern Hudson Bay area 
to research population trends. Finding a study from 2018 on the Hudson Bay area (Obbard, 
2018) the field study shows a 17% decline in polar bear populations over years from the decline 
in sea ice abundance. 
 
Figure 3. Results of Monte Carlo simulations, produced by Obbard et al. 2018, showing the population abundance of 
polar bears in 2016 compared to their abundance study from 2011-2012. Figure 2a (left) shows the overlap from the 
simulations, and Fig. 2b (right) shows the difference distribution. 
 The abundance trendlines show a 17% population decrease, however, the distribution of 
differences shows the numbers were not statistically significant. 
For ringed seals, I found a study from the Western Hudson Bay area (see Figure 4) 
showing density and abundance by year from 1995-2013. The abundance size decreases after the 
year 1995 but increases again in 1999 until hitting another decrease in abundance in 2008. In 
2010 it stabilizes again back into the 62-thousands, but the aerial survey shows that in 2013 it fell 
back into the 16-thousands. This shows that the population size has no trendline and is variable. 
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DISCUSSION 
Previous studies have shown the varied effects the Arctic is facing from polar warming, 
how different sub-populations are facing these impacts, and discuss different possibilities to 
minimize the impacts on the vast array of species in the Arctic ecosystem. As there is a deficit in 
information, due to lack of long-term studies (difficulties, expense, etc.), there is not an 
overarching population trend for polar bears that encompasses the entire Arctic as a whole. 
Therefore, focusing on a declining population was to reveal the impact on the food chain and if 
there was presence of a trophic cascade. Narrowing in on the Hudson Bay area determined that 
overall, there is little evidence as of now to show an exact trophic cascade but that each species 
within the food chain faces its own challenges from climatic warming, as seen in figure 2, and it 
is assumed that changes in polar bear distribution can cause a negative top-down trophic cascade. 
Starting my research, the focus was on polar bear populations and if the decline could 
cause a trophic cascade. With that research being limited, the data had to narrow in on the sub-
population of Hudson Bay, Canada. Research showed that for polar bears, the main driver 
Figure 4. Results of a ringed seal density 
(seals/[km.sup.2]) and abundance 
estimates aerial survey in the Western 
Hudson Bay area from 1995 to 2013. 
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influencing the species’ survival was sea-ice loss and the loss of multi-year ice (Meredith, 2019). 
The loss in sea-ice is proving to cause a range of effects from abundance declines (Obbard, 
2018), distribution and range (Hamilton, 2017; Gleason, 2009), and diet (Gormezano, 2015). As 
seen in figure 3, the population of polar bears has declined by 17%. Even with the data not being 
statistically significant, understanding the challenges the species is facing, the statistics should be 
taken in a serious context (Obbard 2018). Once sufficient research was gathered for polar bear 
trends, I tried to match data, similar in year, for ringed seals. The ringed seal population data 
indicate that the trends for abundance stayed stable overall and that the data varied (Variation in 
ringed seal density, 2014). Other data showed that seal population sizes had the potential to 
increase from being hunted less by polar bears (Koivuniemi, 2019). 
Looking at the IPCC’s latest report on the Arctic ecosystem, the fish had varying impacts 
from climate change, mostly from ocean warming effects (Meredith, 2019). For some species, 
the higher temperatures allow for the expansion of feeding grounds which is leading to an 
increase in species such as the Atlantic cod. However, for other species, like the Polar cod, sea-
ice loss and a decline in ice covered season could potentially increase their mortality rates 
because the species lose spawning habitat and will have increased predator pressure 
(Christiansen, 2017). If there is an increase in ringed seal populations that could also be a driver 
in the decline of polar fish populations, especially if there is less ice habitat for the fish to spawn 
and cover from predators like the ringed seal. For the bottom-dwelling benthic organisms, such 
as copepods and diatoms, the IPCC suggests that human fishing impacts are at play but also the 
different drivers of climate change are causing a decrease in benthic biomass (Grebmeier and 
Cooper, 2016). With a decline in benthic organisms due to climate change this can potentially 
cause a bottom-up trophic cascade if it meets its tipping point. 
ENVIRONMENTAL FACTORS ON THE ARCTIC FOOD CHAIN 17 
 
With lower temperatures counteracting the destabilizing effects of enrichment by 
carrying capacity, this puts larger species at risk for starvation, especially if fertility rates are low 
for the species (Binzer, 2012). Smaller body masses will be advantageous in higher temperature 
environments so if temperatures rise due to climate change drivers, the polar bears will be the 
most at risk and it should be assumed that a top-down trophic cascade will occur.  
As for conservation efforts, scientists have weighed the pros and cons of the best 
management techniques to improve species survival rates. Recommendations for the future 
involve continuing human efforts to cut back on carbon emissions, cautious short and long-term 
planning for ecosystem management including the continuation of sustainable environmental 
practices, supporting international efforts to make Arctic concerns a global and urgent matter, 
and the development of guidelines to mainstream and safeguard biodiversity (Caff, 2020). 
 
 
CONCLUSION 
 Evidence shows that climate change is having drastic impacts on the Arctic ecosystem 
and this in turn can cause both bottom-up and top-down trophic cascades. With the decline in 
sea-ice and lengthened ice-free seasons, polar bears are having a more difficult time hunting for 
their main prey, ringed seals, and are having to expend more calories when increasing their range 
to scavenge, putting them at risk for starvation and decreasing their ability to keep their cubs 
alive. With the top predator not hunting seals in the Arctic, the seals are facing little effects. 
Their numbers could potentially increase from reduced targeting by predators, but the impacts of 
climate change are still predicted to negatively impact their abundance in the future because ice 
is still a major component in their species’ survival. 
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As top predator survival is being threatened, each species down the food chain is being 
negatively impacted by climate change as well. With the loss of sea-ice and warming ocean 
temperatures, fish species’ population sizes are declining because they have less habitat to 
spawn, so fertility rates are being negatively impacted and they are becoming easier prey for 
predators. Studies show that benthic biomass is decreasing from the effects of climate change 
which could influence a negative bottom-up trophic cascade as well. Any sort of change to an 
ecosystem will disrupt the balance, some that can cause devastating effects if it reaches its 
tipping point. 
It is important to maintain a balance in the Arctic food web in order to maintain a healthy 
ecosystem because if one component, or species, suffers than this can be critically damaging to 
other species. Using best environmental practices will be an important tool to combating the 
effects of climate change and to improve the odds of minimizing the negative impacts. Planning 
for the future and making efforts to advocate biodiversity will be the best custom in polar 
maintenance and increasing species survival. Not only will this be important for species survival 
but also because maintaining balance is important to humankind. Many people depend on fish as 
a food source so, overall, humankind is going to have to make a change in our practices against 
climate change if we want to continue to sustainably use our environment’s resources without 
unnecessary depletions. 
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